REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

04/25/2016  Final  Report  15  Feb  2013  -  14  Feb  2016 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 


Materials  Approach  to  Dissecting  Surface  Responses  in  the  Attachment  Stages  of 
Biofouling  Organisms 


5b.  GRANT  NUMBER 

N0001 4-1 3-1 -0430 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 


5d.  PROJECT  NUMBER 


Detty,  Michael  R. 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

THE  RESEARCH  FOUNDATION  OF  THE  STATE 
UNIVERSITY  OF  NEW  YORK  DBA  SUNY  AT  BUFFALO 
OFFICE  OF  SPONSORED  PROGRAMS 
402  CROFTS  HALL 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

63734  -  Final 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Office  of  Naval  Research 
875  North  Randolph  Street 
Arlington,  VA  22203-1995 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

ONR 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  is  Unlimited. 


14.  ABSTRACT 

We  have  used  a  suite  of  ten  xerogel  coatings  to  examine  the  surface  response  toward  the  settlement  of  fouling  organisms  in 
laboratory  tests  and  in  the  field.  The  coatings  are  organically  modified  xerogel  surfaces  with  tunable  surface  energy, 
hydrophobicity/hydrophilicity,  and  charge.  Principle  component  analysis  indicated  the  surface  charge  and  hydrophobicity  as 
expressed  in  the  non-polar  component  of  surface  energy  were  the  primary  determinants  of  settlement  responses.  Quantitative 
analysis  of  genetics  in  settlement  preference  was  begun  and  will  be  continued  in  future  work. 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 


b.  ABSTRACT 


c.  THIS  PAGE 


17.  LIMITATION 

18.  NUMBER 

OF  ABSTRACT 

OF  PAGES 

uu 

1 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Michael  Detty 


19b.  TELEPHONE  NUMBER  (include  area 
code) 

716-645-4228 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Final  Technical  Report  for  ONR  N00014-13-1-0430 

Materials  Approach  to  Dissecting  Surface  Responses  in  the  Attachment  Stages  of  Biofouling  Organisms 

Michael  R.  Detty,  PI/PD 

Summary  of  Research  Highlights  Supported  by  ONR  N00014-13-1-0430 

1)  Hydrophobic  xerogel  coatings  are  “robust”  -  good  adhesion  to  glass,  aluminum,  fiberglass. 
Surfaces  are  highly  reproducible. 

2)  The  xerogel  surfaces  with  uniform  topography  are  good  models  for  correlation  of  surface 
energy/critical  surface  tension/water  contact  angles/zeta  potentials/charge  with  settlement  of 
fouling  organisms/materials  and  strength  of  adhesion  of  fouling  organisms/materials. 

3)  Experimental  xerogel  surfaces  incorporating  trifluoropropyltrimethoxysilane  (TFP), 
phenyltriethoxysilane  (PH),  carboxyethyltriethoxysilane  (COE),  n-octyltriethoxysilane  (C8),  n- 
octadecyltriethoxysilane  (Cl 8),  aminopropyltriethoxysilanev(AP),  dimethylaminopropyl- 
triethoxysilane  (DMAP),  and  trimethylammoniumpropyltriethoxysilane  (TMAP)  were  prepared 
to  give  xerogel  formulations  in  the  following  molar  ratios:  50:50  C8/TEOS,  5:45:50 
C18/C8/TEOS,  20:80  TFP/TEOS,  50:50  TFP/TEOS,  20:80  PH/TEOS,  50:50  PH/TEOS,  10:90 
AP/TEOS,  10:90  DMAP/TEOS,  10:90  TMAP/TEOS,  and  10:90  COE/TEOS.  These  surfaces 
were  used  as  standards  in  all  biological  assays 

4)  Five  fouling  organisms  (barnacles,  Balanus  Amphitrite  and  Balanus  improvisus,  bryozoan  Bugula 
neritina,  oyster  Crassostrea  gigas,  ascidian  Ciona  intestinalis)  were  tested  in  the  laboratory  for 
their  settlement  behavior  in  regards  to  the  coating  surfaces. 

5)  Multivariate  statistical  analysis  was  used  to  examine  the  effect  (if  any)  of  the  experimental 
surfaces  on  attachment  of  biofouling  organisms.  Settlement  behavior  was  found  to  be  surface 
dependent.  The  barnacle  Balanus  amphitrite  resulted  in  a  settlement  range  of  3-34%,  depending 
on  the  coating  surface,  after  24  hours.  The  barnacle  Balanus  improvisus  resulted  in  a  settlement 
range  of  7-53%,  depending  on  the  coating  surface,  after  24  hours.  The  bryozoan,  Bugula  neritina, 
settled  in  a  range  of  20-80%  depending  on  the  coating  surface  after  30  minutes.  The  oyster, 
Crassostrea  giga,  produced  a  0-7%  settlement  after  48  hours  at  20°C. 

6)  The  10  experimental  coatings  were  applied  to  glass  rods  and  were  deployed  in  the  field  to 
evaluate  settlement  preferences.  Canonical  Analysis  of  Principal  Coordinates  were  applied  to 
results  from  field  experiments  -  Although  we  have  already  determined  that  the  attachment  of 
biofouling  organisms  to  coated  glass  rods  in  the  field  is  affected  by  the  coatings  for  all  immersion 
durations  up  to  5  days,  we  have  yet  to  determine  which  surface  characteristics  of  the  coatings 
caused  these  effects,  and  how  those  effects  may  (or  may  not)  have  changed  over  time.  We  will 
again  use  Canonical  Analysis  of  Principal  Coordinates  to  examine  the  influence  of  coating 
surface  properties  on  the  patterns  in  settlement  observed  in  the  field  in  the  extension  of  this  work 
over  the  coming  year. 

7)  Quantitative  genetic  analysis  of  barnacle  attachment  -  Treated  glass  were  used  to  examine  the 
settlement  responses  of  30  maternal  families  of  barnacle  larvae.  Previous  research  has  indicated 
that  response  of  barnacle  larvae  to  surfaces  of  differing  surface  energy  varies  across  maternal 
families.  Genetic  correlations  between  responses  to  these  surfaces  suggest  that  at  minimum  2 
receptors  are  involved  in  generating  the  observed  patterns.  A  subset  of  surfaces  employed  in  the 
laboratory  tests  carried  out  previously  were  chosen  for  use,  to  represent  a  matrix  of  conditions  of 
surface  energy  and  surface  charge.  Patterns  in  genetic  correlations  will  be  analyzed  in  the 
extension  of  this  work  over  the  coming  year  with  regard  to  these  surface  characteristics,  using  the 


1 


statistical  approaches  applied  in  the  project’s  first  year  to  develop  a  multidimensional  (depending 
on  the  results  of  the  assays)  description  of  the  barnacle  attachment  response. 
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